Introduction
The cytokine interleukin (il)-17a, produced by T helper cells (Th17), cd8-positive T cells, neutrophils, γδT cells, and natural killer cells, plays an important role in host pathogen defense by activating the inflammatory response, which recruits neutrophils to fight infection (1) . Notably, the chronic inflammatory microenvironment established by il-17a and other inflammatory cytokines may facilitate chronic diseases in the liver, including non-alcoholic steatohepatitis (2) , and hepatocellular carcinoma (Hcc) initiation and progression (3, 4) . For example, IL-17A knockout significantly reduced tumor incidence from 65 to 20% in diethyl nitrosamine-induced Hcc models (5) . in addition to the role of tumor initiation, il-17a may also have an impact on tumor proliferation, angiogenesis, metastasis and chemoresistance (6) . il-17a activates STaT3 and nF-κB signaling pathways, regulating the expression of a panel of genes and aggravating tumor malignancy (7) . il-17a not only promotes tumor growth in animal models (5, 8) , but also predicts poor prognosis in a large portion of clinical reports, including gastric, lung and breast cancers, and Hcc (9) (10) (11) (12) . We have previously reported that elevated serum il-17a levels were positively correlated with a larger tumor size and an increased risk of early recurrence of Hcc after curative hepatectomy (13) . The number of intratumoral Th17 cells positively correlates with microvessel density and poor survival, suggesting that il-17a may stimulate tumor growth by promoting angiogenesis (14) .
While il-17a does not have a direct role on endothelial cell proliferation, it may stimulate the production and secretion of pro-angiogenic factors from both tumor cells and fibroblasts in some tumor types (15 vascular endothelial growth factor a (VeGFa) production and promotes angiogenesis in non-small-cell lung cancer (16) , gastric cancer (17) and colorectal cancer (18) . in addition to VeGFa, some cXc chemokines have been shown to play important roles in promoting tumoral angiogenesis via the receptor c-X-c chemokine receptor type 2 (cXcr2). cXcr2 is a 7-transmembrane G protein-coupled receptor that mediates chemotaxis during an immune response. upregulation of CXCR2 has been reported in inflammatory diseases including rheumatoid arthritis, psoriasis and atherosclerosis (19) . in addition to expression on a subset of leukocytes, cXcr2 is also present on microvascular endothelial cells, and has been shown to be involved in endothelial cell chemotaxis and angiogenesis (20) . The cXc chemokines with a glutamic acid-leucine-arginine (elr) motif such as cXcl1/2/3/5/6/8 can bind to cXcr2 and are pro-angiogenic (21) . The expression of il-8 (cXcl8) is correlated with vascularity in gastric cancers (22) , and cXcl1/3/5/8 augments angiogenesis and tumorigenesis in renal cell carcinoma (23) . il-8 secreted from activated stellate cells also promotes angiogenesis in Hcc (24) . in particular, il-17a has been shown to promote the cXcr2-dependent angiogenesis and tumor growth of non-small cell lung cancer, while it has no effect on VeGFa secretion (25) .
Since the il-17a receptor is extensively expressed in liver cell types including liver cancer cells, it is of interest to determine the direct role of il-17a in these cells. Previous studies have suggested that IL-17A may influence HCC cell survival and migration (26, 27) . However, it remains unclear whether il-17a can regulate the production of VeGFa or other pro-angiogenic factors directly from liver cancer cells, thereby contributing to angiogenesis. The present study examined the effect of il-17a on Huh7.5 and HepG2 cells. The results indicated that il-17a stimulated the secretion of angiogenic cXc chemokines and promoted cXcr2-dependent endothelial chemotaxis.
Materials and methods
Cell cultures. The liver cancer cell line HepG2 (28, 29) was supplied by american Type culture collection and Huh7.5 (30) cells were gifted by dr. aihua Zheng (chinese academy of Sciences). The endothelial cell HuVec was a gift from dr. Peigang Wang (capital Medical university). The cell lines were authenticated by short tandem repeat profiling (Beijing center for Physical and chemical analysis). These cells were cultured in Dulbecco's modified Eagle's medium (dMeM; high glucose; Hyclone; Ge Healthcare life Sciences) supplemented with 10% fetal bovine serum (FBS; Biological industries) and 10 5 u/l penicillin and 100 mg/l streptomycin (Hyclone; Ge Healthcare life Sciences). When indicated, 100 ng/ml recombinant il-17a (r&d Systems, inc.) was added to the culture media.
For IL-17A or enhanced green fluorescent protein (EGFP) overexpressing cells, pcdH-eF1-il17a-ireS-puromycin or pcdH-eF1-eGFP-ireS-puromycin were constructed using a pcdH vector (System Biosciences). construction was performed by GenScript and was sequenced to be correct. For pseudovirus production, lentiviral vector, plP1, plP2 and pVSVG (System Biosciences) were co-transfected into 293T cells using X-tremeGene HP (roche diagnostics). after 12 h, the media was removed and fresh media was added. The supernatants were collected at 48 h post-transfection and filtered through 0.45 µm filters to remove the cell debris. HepG2 or Huh7.5 cells were cultured with the pseudovirus-containing media with polybrene (8 µg/ml; Sigma aldrich; Merck KGaa) for 2 days and the stably transduced cells were selected using 5 µg/ml puromycin (Shanghai Qcbio Science & Technologies co., ltd.).
ELISA. cells (1x10 5 ) were cultured in 6-well plates for 24 h. The cell-free supernatant was collected and stored at -70˚C. The concentrations of il-17a, VeGFa, cXcl10 and cXcl2 were measured using commercially available eliSa kits for il-17a (cat. no. cHe0054; Beijing 4a Biotech co., ltd.), VeGFa (cat. no. Sea143Hu; cloud-clone corp.), cXcl10 (cat. no. Sea371Hu; cloud-clone corp.) and cXcl2 (cat. no. SeB603Hu; cloud-clone corp.).
Cell proliferation assay. cell proliferation was measured using a cell counting Kit-8 (ccK-8) kit (dojindo Molecular Technologies, inc.). in this assay, cells were cultured in 96-well plates (2x10 3 cells/well) for 0, 1, 3, 5 or 7 days. ccK-8 (10 µl) was added to each well and the cells were cultured for 2 h at 37˚C. Then, the absorbance was measured at 450 nm using a microplate reader (Thermo electron corporation). all tests were performed in triplicate.
RNA extraction and reverse transcription-quantitative PCR.
Total rna was extracted using Trizol (invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. cdna was synthesized from 1 µg total rna using FastKing rT kits (Tiangen Biotech co., ltd.), according to the manufacturer's instructions. Briefly, genomic DNA was removed using gDNA buffer at 42˚C for 3 min and then reverse transcription was performed at 42˚C for 15 min followed by 95˚C for 3 min. RT-qPCR was performed on an ABI 7500 real-Time Pcr Systems (applied Biosystems; Thermo Fisher Scientific, Inc.) using SYBR-Green (Toyobo Life Sciences). The PCR thermocycling conditions were as follows: 50˚C incubation for 2 min, 95˚C initial denaturation for 10 min, then 40 cycles of 95˚C for 15 sec, 60˚C for 30 sec and 72˚C for 30 sec. Fluorescence data were collected in the extension step (72˚C for 30 sec). All reactions were run in triplicate. The housekeeping gene GaPdH served as an internal control. The 2 -ΔΔcq method was used to determine expression levels (31) . The primer sequences are as follows: cXcl1 forward (F), Tca aTc cTG caT ccc cca TaG TTa and reverse, (r) GTG aGc TTc cTc cTc ccT TcT; cXcl2 F, cGc aTc Gcc caT GGT Ta and r, aca Gcc acc aaT aaG cTT cc; cXcl3 F, GcT TGT cTc aac ccc Gca and r, cac ccT Gca GGa aGT GTc aaT G; cXcl4 F, aTc Gca cTG aGc acT GaG aTc c and r, Gac cTG GGa GGT GGT cTT cac; cXcl5 F, TTT aca Gac cac Gca aGG aGT and r, TTT ccT TGT TTc cac cGT cca; cXcl6 F, aGc aaG TTT GTc TGG acc cG and r, caG aaa acT GcT ccG cTG aa; cXcl7 F, GGa aaG Gaa ccc aTT Gca acc and r, TcT GGG Tcc aGG caG aTT TT; cXcl8 F, Tcc TGa TTT cTG caG cTc TGT and r, cca Gac aGa GcT cTc TTc ca; cXcl9 F, aaG ccc TTc cTG cGa Gaa aa and r, TTc aca TcT GcT Gaa
TcT GGG T; cXcl10 F, aaG cca aTT TTG Tcc acG TGT T and r, aGc acT Gca TcG aTT TTG cTc; cXcl11 F, TcG aaG caa Gca aGG cTT aT and r, TTc aGa TGc TcT TTT cca GGa cT; cXcl12 F, aGT GTG caT TGa ccc Gaa Gc and r, Gca GGc ccT Tcc cTa aca c; cXcl14 F, TGa aGc caa aGT acc cGc ac and r, TGa ccT cGG Tac cTG Ga c ac; VeGFa F, cTa ccT cca cca TGc caa GT and r, Gca GTa GcT GcG cTG aTa Ga; VeGFr2 F, caa GTG GcT aaG GGc aTG Ga and r, aTT Tca aaG GGa GGc GaG ca; il17ra F, cTG aTG GGG acc caa acc ac and r, cca caG GGT Gaa GcT cac ac; and GaPdH F, cTG cac cac caa cTG cTT aG and r, GaG cTT ccc GTT caG cTc aG.
Transwell assay. chemotaxis of HuVecs was evaluated using a transwell assay. Briefly, HUVECs were cultured in DMEM with 2% FBS for 8 h. Following this, 1x10 4 cells in dMeM with 2% FBS were placed in the upper chamber with 8-µm pores (Bd Biosciences) pre-coated with 100 µg/ml Matrigel (BD Biosciences) for 30 min at 37˚C. Cell-free media from liver cancer cells cultured with 2% FBS for 24 h was added to the lower compartments of the chamber. For the inhibitory assay, 400 nM cXcr2 inhibitor SB225002 (Medchem express) was added to the upper and lower compartments of the chamber. HuVecs were cultured overnight, and then the cells on the upper surface of the filters were wiped away using cotton swabs. The filters were fixed with 4% paraformaldehyde/PBS for 10 min at 4˚C, permeabilized with 0.2% Triton X-100/PBS for 10 min at 4˚C and stained with DAPI (Yeasen Shanghai Biotechnology co., ltd.) at room temperature for 5 min. The number of invasive cells was observed under a fluorescent microscope (BX51; Olympus Corporation) and quantified by counting cells in five randomly selected high-powered fields (magnification, x400) in each well.
Xenograft tumor models. The animal Studies committee of china-Japan Friendship Hospital approved all of the animal experiments in the present study, which were performed according to the Principles of laboratory animal care (32) . For subcutaneous xenograft models, 6-8 week old female nude (nu/nu) mice (charles river laboratories, inc.), weighing 21.0±0.82 g were used in the present study. Mice were maintained under specific-pathogen-free conditions and had access to food and water ad libitum. Mice were acclimatized to standardized laboratory conditions for 1 week prior to experimentation (24±2˚C; 50±10% relative humidity; 12 h light/dark cycle). Mice in the control group were inoculated with 5x10 6 Huh7.5-eGFP cells and the experimental group were inoculated with Huh7.5-il17a cells in 100 µl FBS-free culture medium in their backs. The subcutaneous tumor volume was monitored at day 8, 12, 16, 19, 22 and 26 by measuring the tumor diameters (mm) along the largest (a) and perpendicular (b) diameters, from which the tumor volume (V; mm 3 ) was calculated according to the formula: V=0.5 x a x b 2 . For the liver metastasis model, the nude mice were anesthetized with 240 mg/kg avertin (intraperitoneal; Sigma-aldrich; Merck KGaa). The skin was disinfected with 75% alcohol and an oblique incision was made on the left side to pull out the spleen. a total of 1x10 6 Huh7.5-eGFP cells in 25 µl FBS-free culture medium were injected into the spleen of the control group and in the experimental group an equal number of Huh7.5-il17a cells in 25 µl FBS-free culture medium were injected into the spleen. after injection and needle withdrawal, a dry cotton swab was used for 2 min for hemostasis and cell leakage oppression. Then, the spleen was replaced into the abdominal cavity and the skin was sutured. The mice were euthanized and the tumors were excised for histological analysis 3 and 4 weeks later for the subcutaneous and liver metastasis models, respectively.
Histological analysis. Subcutaneous tumors or the livers were fixed in 4% paraformaldehyde/PBS overnight at 4˚C, and then prepared into 5 µm paraffin sections for hematoxylin and eosin staining. The sections were stained with hematoxylin for 5 min and eosin for 1 min at room temperature. immunohistochemistry was performed according to the standard procedure. Briefly, the tumor slides were dewaxed in xylene for 5 min twice, rehydrated in 100% ethanol for 5 min twice, 95% ethanol for 3 min twice and 70% ethanol for 1 min at room temperature, and were washed with tap water. The slides were subjected to antigen retrieval using 0.01 M citrate buffer (pH 6.0; Beyotime institute of Biotechnology) and boiling in the microwave for 10 min, slides were then washed with tap water. The slides were incubated in 3% H 2 o 2 for 10 min at room temperature and blocked in 3% goat serum (cat. no. Zli-9022; oriGene Technologies, inc.) for 1 h at room temperature. The primary rabbit anti-cluster of differentiation (cd)-31 antibody (1:500; ab182981; Abcam) was applied to the slides overnight at 4˚C. Sections were then incubated with goat-anti-rabbit secondary antibody conjugated with horseradish peroxidase (ready to use; cat. no. PV-6001; ZSGB-Bio) at room temperature for 30 min. Finally, diaminobenzidine tetrachloride was used for color development and the slides were counterstained with hematoxylin for 5 min at room temperature. Slides were observed under a light microscope (BX53; olympus Corporation) at x400 magnification and imaged using Canon eoS600d camera (canon, inc.).
Statistical analysis.
Sections showing positive staining for CD31 were assessed in 6 fields of view (magnification, x400) and the percentage of positive staining was calculated with image-Pro Plus software (version 6.0; Media cybernetics, inc.). Student's t-test was used to compare the statistical difference between two groups. For data containing multiple groups, statistical analyses were performed using one-way analysis of variance followed by the Tukey's post hoc test using GraphPad Prism software (version 6.01; GraphPad Software, inc.). data are presented as the mean ± Sd. P<0.05 was considered significant as indicated in the figure legends.
Results

Expression of IL17RA and VEGFR2 on liver cancer cells.
Since il-17a has been shown previously to upregulate VeGFa in some tumor cells (16) (17) (18) , it was originally hypothesized that the potentially increased level of VeGFa from liver cancer cells may act on its own VeGFr2 receptor to stimulate cell proliferation. Hence, the present study first examined the expression of il17ra and VeGFr2 in Huh7.5 and HepG2 cells using rT-qPcr. il17ra and VeGFr2 were expressed in both cell lines, which was consistent with previous reports (33, 34) . While VeGFr2 expression was relatively low in Huh7.5 cells, IL17RA expression was significantly higher in Huh7.5 cells than in HepG2 cells (Fig. 1) .
Overexpression of IL-17A does not promote in vitro liver cancer cell proliferation.
To study the effect of il-17a on liver cancer cells, the present study constructed il-17a overexpressing cells using lentiviral vectors. although il-17a is not naturally expressed in liver cancer cells, this method allows for the study of the role of il-17 in the following in vivo tumor growth experiment, and it has been commonly used in previous il-17a studies (25, 35, 36) . il-17a secretion was detected at >100 ng/ml in Huh7.5-il17a and HepG2-il17a cells but not Huh7.5-eGFP and HepG2-eGFP cells, when the cell confluency was ~20% (Fig. 2A) . The effect of IL-17A on the proliferation of liver cancer cells was then determined. using a ccK-8 assay, the overexpression of il-17a did not significantly affect the cell proliferation rate of Huh7.5 or HepG2 cells (Fig. 2B and c) .
IL-17A upregulates the production of proangiogenic CXC chemokines but not VEGFA in liver cancer cells. next, the present study examined the possibility that il-17a may upregulate VeGFa expression in liver cancer cells, which may then in turn promote cell proliferation and angiogenesis. notably, the results revealed that the VeGFa expression was not altered in il-17a overexpressing cells, in either of the cell lines tested (Fig. 3a and B) . The overexpression of il-17a selectively and significantly upregulated the expression of pro-angiogenic cXc chemokines cXcl1, cXcl2, cXcl3, cXcl5, cXcl6 and cXcl8 in Huh7.5 cells, and cXcl2 in HepG2 cells, while the expression of the angiostatic chemokine cXcl10 was unchanged ( Fig. 3a and B) . other cXc chemokines (data not shown) were expressed at extremely low levels or not detected by rT-qPcr. These results are consistent with those of recombinant il-17a stimulation ( Fig. 3c and d) . The secretion of VeGFa, cXcl2 and cXcl10 were further confirmed by ELISA in the presence or absence of recombinant il-17a, and in the il-17a or eGFP overexpressing cells ( Fig. 3e and F) . These data suggest that the pro-angiogenic cXc chemokines upregulated by il-17a may promote angiogenesis in liver cancer.
IL-17A-expressing Huh7. 5 cells promote endothelial chemotaxis in a CXCR2
-dependent manner. as cXc chemokines do not directly stimulate endothelial proliferation, but increase endothelial cell invasion, the present study examined the chemotaxis effect of the supernatants from il-17a overexpressing liver cancer cells on endothelial invasion using Transwell assays. The supernatant from Huh7.5-il17a cells significantly promoted HuVec invasion compared with Huh7.5-eGFP cells, and this promotion could be inhibited by il-17ra antibody (Fig. 4a and c) , indicating that the enhanced invasion of HuVecs was mediated by the il-17a-il-17ra interaction in liver cancer cells. Since the production of cXc chemokines did not respond to il-17a in HepG2 cells as strongly as in Huh7.5 cells (Fig. 3a-d) , it was unsurprising that the overexpression of il-17a in HepG2 did not significantly promote HUVEC invasion in the same manner as observed in Huh7.5 cells (Fig. 4B and d) . next, the present study tested whether the cXcl-cXcr2 axis was responsible for the enhanced chemotaxis effect in Huh7.5 cells by using the cXcr2 inhibitor SB225002. The addition of SB225002 to the assay significantly suppressed HUVEC invasion of the supernatant from Huh7.5-il17a cells, indicating that il-17a-stimulated endothelial chemotaxis is dependent on cXcr2 signaling. at the same time, SB225002 also inhibited the endothelial invasion of the supernatant from Huh7.5-eGFP cells, indicating that the basal level of cXc chemokines secreted from Huh7.5 cells may also function through cXcr2 in the absence of il-17a ( Fig. 4e and F) .
IL-17A promotes the in vivo growth and angiogenesis of
Huh7.5 cells in a mouse model. as Huh7.5 cells responded to il-17a stimulation more so than HepG2 cells based on cXc chemokine production and endothelial cell chemotaxis, the present study performed the following experiments using Huh7.5 cells. To study the in vivo biological effect of il-17a on liver cancer progression, the present study determined Huh7.5 tumor growth in both subcutaneous and liver xenograft models with or without il17a overexpression. it has been shown previously that the mouse and human chemokine genes are closely related (37) , with the human cXcr2 gene being functionally equivalent to mouse cXcr2 (19) . Furthermore, mouse cXcr2 has been shown to respond to cXcl-chemokines from human cancer cell xenografts (25, 38) . Therefore, it is possible that il-17a-stimulated cXc-chemokines from Huh7.5 cells could act through mouse cXcr2 to promote angiogenesis and tumor growth in a mouse model. Both the subcutaneous inoculation and intraspleen injection produced solid tumors of Huh7.5 under the skin and in the liver, respectively. consistent with our hypothesis, the expression of IL-17A significantly promoted the growth of Huh7.5 tumors in both models compared with controls (Figs. 5, and 6a and B) . The intensity of blood vessel (cd31) staining was higher in the il-17a-expressing group than the eGFP-expressing group in the orthotopic models (Fig. 6c-e) , and this result was similar in the subcutaneous models (data not shown). Since il-17a did not directly augment cell proliferation in the in vitro assays, the in vivo data suggests that il-17a in the tumor microenvironment promotes tumor growth by enhancing angiogenesis.
Discussion
in the present study, it was demonstrated that il-17a could stimulate the secretion of angiogenic cXc chemokines from liver cancer cells, which may recruit endothelial cells to the tumor cells in a cXcr2-dependent manner. Tumor angiogenesis was also promoted by il-17a expression in vivo. The cXc chemokines can be classified as angiogenic or angiostatic predominantly based on the presence or absence of an elr motif. The angiogenic cXc chemokines include cXcl1, cXcl2, cXcl3, cXcl5, cXcl6, cXcl8 and cXcl12, and the angiostatic chemokines include cXcl4, cXcl9, cXcl10, cXcl11 and cXcl14 (21) . il-17a was shown to increase the expression of cXcl1, cXcl2, cXcl3, cXcl5, cXcl6 and cXcl8 in Huh7.5 cells and upregulated cXcl2 in HepG2 cells. additionally, angiostatic cXc chemokines were not affected by il-17a in both cell lines. il-17a has been reported to stimulate VeGFa production and promote angiogenesis in several cancer cell lines (16) (17) (18) and it has been shown previously that il-17a does not affect VeGFa production but rather stimulates cXcl1, cXcl5, cXcl6 and cXcl8 production in non-small cell lung cancer cell lines (25) . The results of the present study are consistent with those of numasaki et al (25) in that il-17a promoted angiogenesis and was more dependent on the cXcl-cXcr2 axis than on VeGFa. Taken together, this suggests that the effect of il-17a on VeGFa production may be dependent on the cancer cell type. anti-angiogenesis therapy, especially anti-VeGF signaling drugs, has produced benefits in clinical trials for many types of cancers. However, they have also had limited benefits in patients with Hcc (39, 40) , suggesting that another target may be required for Hcc treatment. We previously reported that besides a bigger tumor size, elevated pre-therapy serum levels of il-17 may serve as an additional risk factor for the early recurrence of Hcc (13) . Zhang et al (14) have demonstrated that the number of intratumoral Th17 cells positively correlates with microvessel density, suggesting that the accumulation of intratumoral il-17-producing cells may promote tumor progression via the promotion of angiogenesis. These observations together are indicative of an important role for il-17a in the progression of Hcc and il-17a-promoted angiogenesis may be a target for Hcc therapy. in addition, the observation that il-17a released in the tumor microenvironment in response to VEGF-blocking drugs triggers inflammatory and VeGF-independent angiogenesis that in turn induces drug resistance (41), further supports our finding that IL-17A may excite chemokine-induced angiogenesis independent of VeGF signaling.
cXcr2 is the putative receptor for pro-angiogenic cXc chemokines on endothelial cells (20) . Previous studies have shown that in addition to mediating an inflammatory response, the cXc chemokine receptors cXcr1 and cXcr2 play important roles in tumor progression and metastasis; CXCR2 knockout mice significantly repress tumor growth and angiogenesis (38, 42) . in preclinical models of ovarian cancer, sorafenib treatment markedly elevated the expression of pro-angiogenic cXc chemokines, and cXcr2 inhibitor treatment stabilized the progression of sorafenib-resistant tumors (43) , indicating that the cXcl-cXcr2 pathway may be important in compensating for the VeGF signaling pathway suggesting that the simultaneous blockage of these two pathways could improve the outcomes of anti-angiogenic tumor therapy. In the present study, blocking of CXCR2 significantly reduced endothelial chemotaxis to the Huh7.5 supernatant. Since cXc chemokines were produced at the basal level even without il-17a stimulation, the cXcr2 inhibitor not only inhibited il-17a-stimulated chemotaxis, but also chemotaxis in the absence of il-17a, indicating that cXcr2 may be a potential target for anti-angiogenesis in liver cancer.
The present study also demonstrated that different liver cancer cell lines may respond differently to il-17a. although il-17a did not affect the growth rate of Huh7.5 and HepG2 cells, the expression of cXc chemokines in Huh7.5 cells increased much more than in HepG2 cells in the presence of il-17a, and the stimulatory effect of il-17a on endothelial chemotaxis was stronger in Huh7.5 cells. Since the expression of il17ra was much higher in Huh7.5 cells than in HepG2 cells, it would be of interest to investigate whether the increased response to il-17a observed in Huh7.5 cells was due to the higher expression of the receptor. in addition, the expression levels of VeGFa and VeGFr2 were higher in HepG2 cells than Huh7.5 cells, and HepG2 exhibited slightly stronger endothelial cell chemotaxis without il-17a stimulation. Whether 
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